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ABSTRACT

Polyadenylated RNA isolated from porcine pituitary neurointermediate
lobes was used to construct a cDNA library. The library was screened with
a rat genomic DNA fragment specific for pro-opiomelanocortin sequences.
Two positive clones, pJA-19 and pJA-20,containing respectively 850 bp and
550 bp were characterized. Sequence analysis of the cDNA inserts revealed
the complete structure of the porcine pro-opiomelanocortin mRNA. This
mRNA would include 129 5'-untranslated nucleotides, 801 nucleotides coding
for the 267 amino acids precursor and 162 3'-untranslated nucleotides.
Comparison with pro-opiomelanocortin mRNA sequences from other species
shows regions of high homology not only in the coding sequences but also
in the 5' untranslated region where the first 50 nucleotides are over 80%
purines.

INTRODUCT ION

Adrenocorticotropic hormone (ACTH), B-lipotropic hormone (8-LPH) and
B-endorphin (B-END) are synthetized in the pituitary gland from a common
glycoprotein precursor called pro-opiomelanocortin (POMC). This was first
suggested from ''pulse'’ and '"pulse-chase' experiments performed in the rat
pars intermedia and in the mouse pituitary tumor cell line AtT-20 (1-3).
These results were confirmed when Nakanishi et al. (4) deduced the complete
amino acid sequence of the bovine precursor from the nucleotide sequence of
a cloned cDNA. This work also revealed the presence of a MSH-1ike sequence
in the N-terminal portion of the precursor and the presence of pairs of
basic amino acid residues at the processing sites in the precursor. Clon-
ing of genomic DNA fragments showed that the gene coding for POMC is formed
of three coding regions (exons) interrupted by two large intervening se-
quences (introns) (5-10).

We report in this paper the nucleotide sequences of two cDNA clones
encoding the porcine POMC precursor. These two clones overlap in such a
way that the complete structure of the porcine POMC mRNA could be deter-
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mined. This work confirms the protein sequences of the N-terminal peptide
(11) and of the '‘joining peptide'" (12) that we recently published and shows,
once more, the strong homology of the POMC N-terminal peptide between differ-
ent species. This important sequence conservation suggests a biological

role for the N-terminal glycopeptide of POMC.

METHODS
Poly(A)RNA purification

Total cellular RNA was isolated from porcine pituitary neurointermedia-
te lobes essentially as described by Chirgwin et al. (13) and the poly(A)
containing species purified on oligo(dT) cellulose (P.L. Biochemicals) as
detailed by Aviv and Leder (14).
cDNA synthesis N

Single stranded cDNA (sscDNA) was synthetized using AMV reverse
transcriptase. A standard reaction mixture contained: 50 mM Tris.HC] pH
8.3, 60 mM KCI, 8 mM MgC|2, 0.5 mM DTT, 1 mM each dATP, dGTP and dTTP, 0.5
mM dCTP, 30 uCi (32p) dCTP (New England Nuclear) and 50 ug/ml each of poly
(A*) RNA and oligo (dT)IZ-IB (Collaborative Research). The reaction mixture
was heated at 68°C for 2 min and rapidly quenched on ice. The synthesis was
started by the addition of 2.5U of AMV reverse transcriptase per pg of poly
(AT) RNA and proceeded at 42°C for 90 min. The reaction was stopped with 20
mM EDTA, the mixture extracted with an equal volume of phenol/chloroform and
the sscDNA precipitated with ethanol.

The sscDNA was dC-tailed at its 3' end with terminal deoxynucleotidyl
transferase (Boehringer Mannheim Co.) in the presence of CoCI2 as described
by Deng and Wu (15) and the second strand was synthetized using DNA poly-
merase large fragment (Bio Labs) and oligo(dG)lz_ls (Collaborative Research).
A typical reaction mixture contained: 50 mM K H PO“ pH 7.4; 6.5 mM HgCIZ;
180 uM each of dATP, dCTP, dGTP and dTTP; 1 mM DTT; 50 uCi of (32p) dCTP;

20 ug/ml each of oligo(dG)lz_la and dC-tailed sscDNA previously heated to
90°C and quenched on ice. Second strand synthesis was initiated by the
addition of 10U DNA polymerase large fragment per ug of dC-tailed sscDNA.

The reaction was stopped with 20 mM EDTA and extracted with phenol/chloroform.
The dscDNA was precipitated with ethanol and its 3' ends were dC-tailed as
described above.

Cloning of the cDNA and isolation of the POMC clones.

The dC-tailed dscDNA was annealed to an equimolar amount of Pstl-cut
pBR327, dG-tailed in the presence of MnCI2 (15) and the hybridization
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mixture used to transform E. coli DH-1 strain (16). Recombinants were
selected on tetracycline and screened by colony hybridization (17) using
as probe (18) the 1.6 kb Xhol-Hind 11! fragment containing the rat POMC
exon 3 (7). Positive clones were isolated and their plasmid DNA purified

(19). The cDNA inserts were sequenced (20-23) as outlined in Figure 1.

RESULTS

Pig neurointermediate poly AT RNA (12,5 ug) was used to synthesize
about 1 ug dC-tailed double-stranded cDNA. When 20 ng cDNA was annealed
with 50 ng dG-tailed pBR327 and used to transform E. coli DHl1, the 107
transformants obtained were screened by filter hybridisation (17) with a
1.6 Kb Xhol-Hind |1l rat genomic DNA fragment containing exon 3 of the
POMC gene (7). Plasmid DNA was prepared (19) from recombinant colonies
showing strong hybridization and digested with Pstl. The fragments were
electrophoresed on agarose gel and transferred to nitrocellulose paper (24).
Hybridization with the 1.6 Kb POMC probe revealed cDNA inserts of approxi-
mately 850 and 550 bp in two recombinants, pJA-19 and pJA-20, respectively
(not shown).

Preliminary restriction mapping of both inserts resulted in maps with
more differences than would be expected from two cDNAs overlapping over a
stretch of 550 bp (not shown). These differences could be explained if the
two cDNAs encoded different regions of the porcine POMC mRNA. Further ana-
lysis was done by DNA sequence determination.

The nucleotide sequence of the cDNA inserts present in pJA-19 and pJA-20
was determined by both the dideoxy chain termination method (20) using single
stranded DNA templates (21) produced by subcloning in the bacteriophage MI13
mp8 (22) and the chemical technique of Maxam and Gilbert (23) according to
the strategy depicted in Figure 1. The nucleotide sequences revealed that
clone pJA-19 covers the region of the mRNA from the 5'-untranslated segment
to the y-LPH sequence and clone pJA-20 covers the regions of the mRNA from
the ACTH sequence to the poly(A) tail. The two clones overlap over a stretch
of about 300 nucleotides in the ACTH/y-LPH region. The exact length of the
overlap is uncertain since neither the 3' end of pJA-19 nor the 5' end of
pJA-20 have been fully sequenced and the boundaries shown in Figure 1 are
approximate. The sequenced portion of both clones is identical in the over-
lapping region suggesting that both inserts were synthesized from similar
mRNA templates.

The nucleotide sequence corresponding to the porcine POMC mRNA was
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Figure 1. Schematic representation of cDNA clones pJA-19 and pJA-20 encod-
ing pig POMC. The sequences included in each clone are represented at the
top of the Figure followed by a map of the restriction sites used for
chemical (23) sequencing (solid arrows) or for subcloning in M13 mp8 (21,22)
and dideoxy (20) sequencing (broken arrows). The following symbols are

used for Bgl 11 (Y ), Xhol (Y), Eco RV (Y ), Apa | (®), Hae 111 (),
Alul (®), FnuddD 11 () and Msp | ( | ). The major peptides produced by
processing of POMC are illustrated in the bottom diagram showing their res-
pective position in the protein precursor and mRNA. Double vertical bars
indicate pairs of basic amino acids whereas open and filled-in lollipops
indicate 0- and N-glycosylation, respectively (12).

deduced from the combined nucleotide sequences of pJA-19 and pJA-20. This
sequence is presented in Figure 2 along with its translation product. The
porcine POMC mRNA would contain 1092 transcribed nucleotides divided into
129 5'-untranslated nucleotides, 801 coding nucleotides and 162 3'-
untranslated nucleotides. This latter region contains the AAATAAAA sequence
thought to be important for the addition of the poly(A) tail to the 3' end
of the mRNA (25). pJA-20 contains a poly(A) tail of approximately 75 resi-
dues (not shown).

Translation of the nucleotide sequence into amino acid residues from
the first ATG codon at position 130 reveals an open reading frame ending
with the TGA codon at position 931. This 801 nucleotides stretch codes for a
267 amino acid long polypeptide which has the expected structure for pig pre-
POMC including a 26 amino acids signal peptide. The deduced amino acid
sequence is indeed in complete agreement with those reported for pig POMC-

derived peptides (11-12, 26-28). As in other species (4-10, 29) active
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AAGGCAGC CCCCEAGTTTCCTECCTCEECGCAGCEEEAGTCCCCCCEAGAGCGECCTCCCCOCGACAGALLCTCAGLLT
60 80 100 120

SIGNAL PEPTIDE -20 ]
WET PRO ARG LEU CYS GLY SER ARG SER GLY ALA LEVU LEU LEVU THR LEU LEU LEU GLN ALA SER MET GLY VAL ARG CLY TRP
GCGTGCGAG ATG CCC AGA 'VG TEC GGC AGT €GC TCG GGG GCC CTG CTG CTG ACC TTG CTG CTC CAG GCC TCC ATG GGA TG CGC GGC TeC

N-TERMINAL PEPTIDE 20

C€YS LEU GLU SER SER GLM CYS GLN ASP LEU SER THR GLU SER ASN LEU LEU ALA CYS ILE ARG ALA CYS LYS PRO ASP LEU SER ALA GLU

TGC TTG GAG AGC AGC CAG TGT CAG GAC CTC TCC ACG GAA AGT AAC TTG TTG GCG TGC ATC CGGC GCC TGC AAA CCA GAT CTC TCT GCG CAG
40 260 280 300

A0 60
THR PRO VAL PHE PRO GLY ASN GLY ASP ALA GLN PRO LEU THR GLU ASN PRO ARG LYS TYR VAL MET GLY WIS PHE ARG TRP ASP ARG PHE
ACG CCC CTG TTT CCC GGC AAC GGC GAC GCG CAA CCG CTG ACC GAG AAC CCC CGG AAG TAC GTC ATG GGC CAC TTC CGC TGE GAC C6C TTC

320 $L1) 360 380
80
(18 m ASN GLY SER SER SER GLY GLY GLY GLY GLY GLY GLY GLY ALA GLY GLN GLU GLU GLU GLU VAL ALA ALA GLY GLU
I3 AAT GGC AGC AGC AGC GGC GGC GGT €GC GGT GGC GGC GGC GCG GGC CAG GAG GAG GAG GAG GTC GCG GCG CGC CAA
00 a20 a8 460 A
100 ACTH 120

G6C CCC GGG CCC CGC GGA GAT GGC GTC €GCC CCC GGC CCC CGC CAG GAC TCC TAC TCC ATG GAG CAC TTC CGC TGG GGC AAG cCC

CLY PRO GLY PRO ARG GLY ASP GLY VAL ALA PRO GLY PRO ARG GLN ASP SER TYR SER MET GLU WIS PHE ARG TRP GLY LYS PRO
500 520 540 560

140 _

VAL GLY LYS LYS ARG ARG PRO VAL LYS VAL TYR PRO ASN GLY ALA GLU ASP GLU LEU ALA GLU ALA PHE PRO LEU GLU PHE (ARG ARG| GLU

GT6 GGC AAG AAG CGG CGC CCC GTG AAG GTG TAT CCC AAC GGC GCC GAG GAC GAG TTG GCC GAG GCC TTC CCC CTC GAG TTC AGE AGG) GAG
600 620 a0 660

A-LIPOTROPIN 160 180

LEV ALA GLY ALA PRO PRO GLU PRO ALA ARG ASP PRO GLU ALA PRO ALA GLU GLY ALA ALA ALA ARG ALA GLU LEU GLU TYR GLY LEV VAL

€76 GCC G6C 6CC ccC ccC :AC €CG GCA CGGC GAC CCC CAG GCC CCC GCC CAG GGC GCG 6CC GCC CGG GCC GAGC CTG GAG TAC GGG CTG GTG
680 700 720 740

200
ALA GLU ALA GLU ALA ALA GLU LYS LYS ASP GLU GLY PRO TYR LYS MET GLU HIS PHE ARG TAP GLY SER PRO PRO LYS ASP TR
GCC GAG GCC GAG GCC GCC GAGC AAG AAG G:C GAA GGG CCC TAT AAGC ATGC GAG CAC TTC CGC TGG GGC AGC CCC CCC AAG GAC TAC
780 800 820 840

B-ENDORPHIN 20 e

GLY GLY PHE MET THR SER GLU LYS SER GLN THR PRO LEU VAL THR LEU PHE LYS ASH ALA ILE VAL LYS ASN ALA MIS LYS LYS GLY GLN
GG GGC TTC ATG ACC Vtt.GA‘ AAG AGC CAG ACG CCC C‘:.G'C ACG CTG TTC AAA AAC GCC ATC GTC AAG AAC GCC CAC AAG AAG GGC CAC
60 0 900 920

TCA GGCTTCAGGEGCCAGECGCCTCTCACCCCGGAAGCCGACCCCAAAGCCCCCTCTCCTCGCCTECCCTCCTECCCCCCCAGCCCEEGTACCCTCAGGCTGTGTGGGCCCCAGATAT
940 960 980 1000 1020 1040
CCCOCCTCTTACCTGTAGTTAGCAAATAAAACCTTTCAAGTTTCAAAAAAAA
1060 1080 1o

Figure 2. Combined DNA sequences of pJA-19 and pJA-20 cDNA inserts. The
complete (* 2 nucleotides) mRNA sequence is shown together with it's POMC
translation product. Signal peptide amino acids are numbered negatively

and boxed residues indicate processing sites in the anterior pituitary.

peptides are linked by the -Lys-Arg- dipeptide except, here, between ACTH and
B-LPH where the sequence Arg-Arg is found.

Comparison between the nucleotide sequences of bovine (5) and human
(8-10) POMC genomic DNA and the sequence of the porcine POMC mRNA presented
in Figure 2 suggest that the AA doublet located at the 5'-end of our sequence
is very close if not itself the mRNA capping site. Indeed, as shown in

Figure 3, the homology between these three 5'-non coding segments is very
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Figure 3. Sequence comparison of purine-rich stretch in 5'-untranslated
region of various POMC mRNAsand postulated secondary structure in pig

POMC 5'-untranslated region. Purine content in the first 50 or so nucleo-
tides of each mRNA is shown at the beginning of each sequence. Asterisks and
dashes indicate homology and gap in sequences, respectively. The human and
bovine sequences are from ref. 8-10 and 30 whereas the rat sequence is from
our own work (submitted). The hairpin-loop structures are the most stable
that could be computed (33) for the pig Exon 1 (5'-untranslated) sequence
Presumed intron A splice position and initiator ATG triplet are shown.

good, in particular around the mRNA capping site. This site was precisely
located for the bovine mRNA (30). Furthermore, sequencing of primer extend-
ed reverse transcripts (E. Oates and E. Herbert, personal communication) map
the 5'-end of pig POMC mRNA at this position (t 2 nucleotides). These re-
sults and the presence of a poly(A) tail in pJA-20 strongly suggest that we
have characterized the entire structure of the porcine POMC mRNA. This
interpretation is in agreement with the size of pig POMC mRNA as determined
by Northern blots (31) and hybridization of pig anterior and neurointer-
mediate lobes poly At RNA (Figure L).

The sequence of the 5'-untranslated region (which is largely encoded by
exon 1 in the gene, ref. 5-10) has two noteworthy particularities that are
illustrated in Figure 3. First, nucleotides 1 to 49 are very rich in purines
(86%). Second, nucleotides 50 to 104 could form two relatively stable hair-
pin-loop structures (A 6° of -14,7 and -23,7 Kcal/mole calculated as in

Ref. 32). Of the different possible base-paired structures that can be
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Figure 4. Detection of pig POMC mRNA by

S Northern blot (31) and hybridization with
a DNA insert containing a complete cDNA
copy produced by recombination of pJAl19
and pJA-20. Pig neurointermediate (0,5
ug, lane 3) and anterior (2 ug, lane 4)
pituitary poly At RNA were glyoxylated
and electrophoresed on a 1.1% agarose gel
(38). Fragment size markers are shown in
lane 1 (Hind 1ll-digested A DNA) and lane
2 (Hae lll-digested #X 174 DNA: four
larger fragments are 1353, 1078, 872 and
603 nucleotides). The autoradiogram was

. exposed overnight at room temperature.

3L

-

computed (33) for the 5'-untranslated region (exon 1), these close-range
interactions lead to the highest gain in free energy. The comparative
alignment of the first 50 nucleotides of POMC mRNA in Figure 3 is meant to
illustrate sequence homology between the different species rather than to
imply that these sequences cannot form secondary structures with other parts
of POMC mRNA.

DISCUSSION

We have presented in this paper the characterization of two cDNA clones
encoding porcine pituitary neurointermediate lobe POMC. Sequencing of the
two DNA inserts lead to the determination of the complete structure of
porcine POMC mRNA. Comparison of the coding sequence with that of other
species (4-10,29) revealed a strong homology in three portions of the pre-
cursor, namely, in the N-terminal glycopeptides, ACTH and B-MSH/B-endorphin.
In contrast, the regions corresponding to the ''joining peptide' and to y-LPH
have diverged substantially. The sequence of the mRNA encodes eight pairs of
basic amino acids which could be recognized by specific proteases for the
processing of the POMC precursor protein. Purification and characterization

of POMC related peptides from porcine pituitaries has shown cleavages of the
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peptide chain at seven of these eight pairs (12,26-28). Only the pair loca-
ted in front of the y-MSH sequence (amino acids 51-61) has not been shown

to be cleaved in porcine pituitaries. However, it has been shown to occur
in the rat pituitary (34).

Comparison of the 5'-untranslated regions of POMC mRNAs from various
species (4,10,29) reveals in all of them a purine-rich (over 80%) stretch of
about 50 nucleotides and the potential for hairpin-loop formation. These
hairpin-loop structures vary in their stability, their position and their
sequence. They may play a role in mRNA translation efficiency (35) but their
sequence variability across species argues against specificity of sequence
being involved in this putative role. The 5' purine-rich stretch is a
fairly well conserved sequence in the various POMC mRNAs. It is more con-
served than the remainder of the 5'-untranslated region or the 3'-untranslat-
ed region except for sequence around the AAUAAA. This conclusion might
stand to a larger number of species comparisons and reflect a true selective
advantage but more comparative and experimental data will be needed to
establish it. Similar purine-rich stretches are not found in the 5'-
untranslated regions of mRNAs encoding other pituitary hormones, other
enkephalin precursors or other steroid-regulated transcriptional units.
These sequences could play a role in regulation of mRNA utilization and/or
turnover; for example, it has been shown a long time ago that the half-life
of the ovalbumin and conalbumin mRNAs increase after exposure to estrogens
(36,37) but the structural basis for this effect is unknown. Such hypo-
theses have been difficult to approach experimentally but they can now be

tested by directed mutagenesis of a well characterized transcription unit.
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